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DETAILED ACTION 
In view of the appeal brief filed on 12/27/2006, PROSECUTION IS HEREBY 
REOPENED. New grounds of rejection are set forth below. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1-4, 6-10, 12-17, 19 and 20 are rejected under 35 U.S.C. 103(a) as being 
obvious over Barbetta [U.S. 6762587] in view of Yoshino et al. [U.S. 4937521]. 

With respect to Claim 1 , Barbetta teaches a monitoring system [Fig. 1, 2, 3 fuel 
cell monitoring system] for monitoring the voltage potential of fuel cells in a fuel cell 
stack [Figs. 1, 2, 3 fuel cell stack 10, 20; col. 1 lines 12-20; col. 2 lines 36-43; col. 4 
lines 6-12]; a conductor [Fig. 1, conductor 12; col. 4 lines 25-29; col. 5 lines 36-47; Fig. 
2; conductive trace 21] positioned proximate to a voltage measuring means [Fig. 1, 
meter 13; col. 4 lines 30-35; col. 5 lines 52-63 the meter comprises attenuator 4 and 
amplifier 5]; a plurality of switches [Fig. 8, multiplexer 2; col. 6 lines 37-41] electrically 
coupled to the fuel cells and to the conductor [Fig. 7; col. 5 lines 52-63], said switches 
being selectively switched on and off to separately and selectively couple each fuel cell 
in the fuel cell stack to the conductor and generate a current flow therethrough [col. 7 
lines 22-32]. Barbetta teaches a differencing amplifier 5 connected to an attenuator 4 
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(i.e. a voltage divider, col. 6 lines 14-17) as shown in Fig. 7 and disclosed in col. 5 lines 
52-64, which is connected directly to the multiplexer 2 for reading the voltages of 
individual cells; said differencing amplifier providing an output signal indicative of the 
voltage potential of the selected fuel cell [col. 5 lines 52-63]. Barbetta does not teach 
an intermediate stage between the fuel stack multiplexer (plurality of switches) and the 
differencing amplifier, comprising a Wheatstone bridge with a GMR resistor and two 
output ports. 

Yoshino teaches a current sensor [col. 1 lines 8-12] comprising a Wheatstone 
bridge [Fig. 11; col. 8 lines 32-38], said Wheatstone bridge including at least one giant 
magnetoresistive (GMR) resistor [Fig. 11, magnetoresistor 1; col. 5 lines 7-13] and two 
output ports [Fig. 11, nodes 8a and B prime]; that includes sensing a magnetic field 
generated by the current flow through the conductor reduces the resistance of the 
GMR resistor and unbalances the Wheatstone bridge [col. 5 lines 37-41 and lines 52- 
55; col. 7 fines 4-5]; and a differencing amplifier [Fig. 1 1 , comparator 40; col. 8 lines 38- 
41] electrically coupled to the output ports of the Wheatstone bridge. 

Barbetta and Yoshino are analogous current measuring devices. At the time of 
the invention it would have been obvious to add a Wheatstone bridge with GMR type 
resistors to Barbetta for the benefit of accurately reading current/voltage of each cell 
whilst ensuring isolation existed between the cell's high voltage and the measurement 
electronics, particularly since Barbetta's sensor is connected to a conductive trace 
[Barbetta- col. 5 lines 36-43], and Yoshino's sensor is designed to sense current 
flowing through a conductive trace, without touching it [Yoshino- Fig. 11; col. 3 lines 49- 
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63]. Additionally, Wheatstone bridges with GMR type resistors used to measure current 
from magnetic fields are widely known in the art, and would function exactly the same 
way whether connected to a single battery, multiple batteries, or multiple fuel-cells. 
Further benefit gained through the use of Yoshino's GMR sensor is to overcome the 
difficulties associated with using coils as current measuring devices [col. 1 lines 14-40]; 
and additionally to follow the widespread trend of semiconductor integration of sensors, 
with inherent advantages, in today's electronics [col. 1 lines 54-56]. 

With respect to Claim 2 . Barbetta teaches the switches are FET switches [col. 7 
lines 37-41]. 

With respect to Claim 3 . Yoshino teaches the at least one GMR resistor is two 
GMR resistors [Fig. 13, GMR resistors 1J. 

With respect to Claim 4 . Yoshino teaches the conductor is an electrical trace 
positioned beneath the Wheatstone bridge [col. 1 lines 8-12; col. 3 lines 49-64; col. 5 
lines 7-13]. 

With respect to Claim 6 . Barbetta teaches least one voltage divider [Fig. 7, 
attenuator 4 is a voltage divider- col. 6 lines 14-17] electrically coupled between the 
fuel cells and the conductor. 

With respect to Claim 7 , Barbetta teaches a controller [Fig. 7, microprocessor 7;. 
col. 5 lines 52-66] for controlling the switches to separately measure the voltage 
potential of each fuel cell and for receiving the output signal from the amplifier [Fig. 7, 
amplifier 5]. 
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With respect to Claim 8 . Barbetta teaches a plurality of opto-isolators for isolating 
the high voltage of the fuel cell stack and the switches from the low voltage of the 
controller [col. 7 lines 22-32 and lines 37-41, isolation may be provided, such as with 
mechanical relays; col. 6 lines 34-36, opto-isolators may also be used to provide 
isolation]. 

With respect to Claim 9 , Barbetta teaches the system monitors the fuel cell stack 
on a vehicle [col. 3 lines 12-17]. 

With respect to Claim 10 . Barbetta teaches a monitoring system [Fig. 1, 2, 3 fuel 
cell monitoring system] for monitoring the voltage potential of fuel cells in a fuel cell 
stack [Figs. 1, 2, 3 fuel cell stack 10, 20; col. 1 lines 12-20; col. 2 lines 36-43; col. 4 
lines 6-12]; an electrical trace [Fig. 1, conductor 12; col. 4 lines 25-29; col. 5 lines 36- 
47; Fig. 2; conductive trace 21] positioned proximate to a voltage measuring means 
[Fig. 1, meter 13; col. 4 lines 30-35; col. 5 lines 52-63 the meter comprises attenuator 4 
and amplifier 5]; a plurality of FET switches [Fig. 8, multiplexer 2; co. 6 lines 37-41, 
MOSFET switches] electrically coupled to the fuel cells and to the conductor [Fig. 7; 
col. 5 lines 52-63], said switches being selectively switched on and off to separately 
and selectively couple each fuel cell in the fuel cell stack to the conductor and generate 
a current flow therethrough [col. 7 lines 22-32]; and a controller [Fig. 7, microprocessor 
7; col. 5 lines 52-63] for controlling the switching of the FET switches to separately 
measure the voltage potential of each fuel cell and for receiving the output signal from 
the amplifier. Barbetta teaches a differencing amplifier 5 connected to an attenuator 4 
(i.e. a voltage divider, col. 6 lines 14-17) as shown in Fig. 7 and disclosed in col. 5 lines 
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52-64, which is connected directly to the multiplexer 2 for reading the voltages of 
individual cells; said differencing amplifier providing an output signal indicative of the 
voltage potential of the selected fuel cell [col. 5 lines 52-63]. Barbetta does not teach 
an intermediate stage between the fuel stack multiplexer (plurality of switches) 
comprising a Wheatstone bridge with a GMR resistor and two output ports. 

Yoshino teaches a current sensor [col. 1 lines 8-12] comprising a Wheatstone 
bridge [Fig. 1 1 ; col. 8 lines 32-38], said Wheatstone bridge including at least one giant 
magnetoresistive (GMR) resistor [Fig. 11, magnetoresistor 1; col. 5 lines 7-13] and two 
output ports [Fig. 11, nodes 8a and B prime]; that includes sensing a magnetic field 
generated by the current flow through the conductor reduces the resistance of the 
GMR resistor and unbalances the Wheatstone bridge [col. 5 lines 37-41 and lines 52- 
55; col. 7 lines 4-5]; and a differencing amplifier [Fig. 11, comparator 40; col. 8 lines 38- 
41] electrically coupled to the output ports of the Wheatstone bridge. 

Barbetta and Yoshino are analogous current measuring devices. At the time of 
the invention it would have been obvious to add a Wheatstone bridge with GMR type 
resistors to Barbetta for the benefit of accurately reading current/voltage of each cell 
whilst ensuring isolation existed between the cells high voltage and the measurement 
electronics, particularly since Barbetta's sensor is connected to a conductive trace 
[Barbetta- col. 5 lines 36-43], and Yoshino's sensor is designed to sense current 
flowing through a conductive trace, without touching it [Yoshino- Fig. 11; col. 3 lines 49- 
63]. Additionally, Wheatstone bridges with GMR type resistors used to measure current 
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from magnetic fields are widely known in the art, and would function exactly the same 
way whether connected to a single battery, multiple batteries, or multiple fuel-cells. 
Further benefit gained through the use of Yoshino's GMR sensor is to overcome the 
difficulties associated with using coils as current measuring devices [col. 1 lines 14-40]; 
and additionally to follow the widespread trend of semiconductor integration of sensors, 
with inherent advantages, in today's electronics [col. 1 lines 54-56]. 

With respect to Claim 12 , Barbetta teaches at least one voltage divider [Fig. 7, 
attenuator 4 is a voltage divider- col. 6 lines 14-17] electrically coupled between the 
fuel cells and the trace. 

With respect to Claim 13 , Barbetta teaches a plurality of opto-isolators for 
isolating the high voltage of the fuel cell stack and the FET switches from the low 
voltage of the controller [col. 7 lines 22-32 and lines 37-41, isolation may be provided, 
such as with mechanical relays; col. 6 lines 34-36, opto-isolators may also be used to 
provide isolation] 

With respect to Claim 14 , Barbetta teaches a method [Abstract, lines 1-3] for 
monitoring [Fig. 1, 2, 3 fuel cell monitoring system] the voltage potential of fuel cells in 
a fuel cell stack [Figs. 1, 2, 3 fuel cell stack 10, 20; col. 1 lines 12-20; col. 2 lines 36-43; 
col. 4 lines 6-12]; providing a conductor [Fig. 1, conductor 12; col. 4 lines 25-29; col. 5 
lines 36-47; Fig. 2; conductive trace 21] positioned proximate to a voltage measuring 
means [Fig. 1, meter 13; col. 4 lines 30-35; col. 5 lines 52-63 the meter comprises 
attenuator 4 and amplifier 5]; selectively and separately electrically coupling the fuel 
cells to the conductor to generate a current flow through the conductor [Fig. 7; col. 5 
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lines 52-63; col. 7 lines 22-32]; and a differencing amplifier [Fig. 7, amplifier 5] 
providing an output signal indicative of the voltage potential of the selected fuel cell 
[col. 5 lines 52-63]. Barbetta does not teach an intermediate stage between the fuel 
stack multiplexer (plurality of switches) and the differencing amplifier, comprising a 
Wheatstone bridge with a GMR resistor and two output ports. 
Yoshino teaches a current sensor [col. 1 lines 8-12] comprising a Wheatstone bridge 
[Fig. 11; col. 8 lines 32-38], said Wheatstone bridge including at least one giant 
magnetoresistive (GMR) resistor [Fig. 11, magnetoresistor 1; col. 5 lines 7-13] and two 
output ports [Fig. 11, nodes 8a and B prime]; that includes sensing a magnetic field 
generated by the current flow through the conductor reduces the resistance of the 
GMR resistor and unbalances the Wheatstone bridge [col. 5 lines 37-41 and lines 52- 
55; col. 7 lines 4-5]; and a differencing amplifier [Fig. 1 1 , comparator 40; col. 8 lines 38- 
41] electrically coupled to the output ports of the Wheatstone bridge. 

Barbetta and Yoshino are analogous current measuring devices. At the time of 
the invention it would have been obvious to add a Wheatstone bridge with GMR type 
resistors to Barbetta for the benefit of accurately reading current/voltage of each cell 
whilst ensuring isolation existed between the cell's high voltage and the measurement 
electronics, particularly since Barbetta's sensor is connected to a conductive trace 
[Barbetta- col. 5 lines 36-43], and Yoshino's sensor is designed to sense current 
flowing through a conductive trace, without touching it [Yoshino- Fig. 11; col. 3 lines 49- 
63]. Additionally, Wheatstone bridges with GMR type resistors used to measure current 



Application/Control Number: 10/823,305 Page 9 

Art Unit: 2838 

from magnetic fields are widely known in the art, and would function exactly the same 
way whether connected to a single battery, multiple batteries, or multiple fuel-cells. 
Further benefit gained through the use of Yoshino's GMR sensor is to overcome the 
difficulties associated with using coils as current measuring devices [col. 1 lines 14-40]; 
and additionally to follow the widespread trend of semiconductor integration of sensors, 
with inherent advantages, in today's electronics [col. 1 lines 54-56]. 

With respect to Claim 1.5 . Barbetta teaches the method according to claim 14 
wherein selectively and separately electrically coupling the fuel cells to the conductor 
includes using FET switches [Fig. 8, multiplexer 2; co. 6 lines 37-41, MOSFET 
switches] to selectively and separately electrically couple the fuel cells to the conductor 
[col. 7 lines 22-32]. 

With respect to Claim 16 . Yoshino teaches providing a conductor positioned 
proximate to the Wheatstone bridge includes providing an electrical trace positioned 
beneath the Wheatstone bridge [col. 1 lines 8-12; col. 3 lines 49-64; col. 5 lines 7-13]. 

With respect to Claim 17 . Yoshino teaches providing a Wheatstone bridge 
includes providing a Wheatstone bridge including two GMR resistors [Fig. 13, GMR 
resistors 1]. 

With respect to Claim 19 . Barbetta teaches providing at least one voltage divider 
[Fig. 7, attenuator 4 is a voltage divider- col. 6 lines 14-17] electrically coupled between 
the fuel cells and the conductor. 

With respect to Claim 20 . Barbetta teaches the fuel cell stack is on a vehicle [col. 
3 lines 12-17]. 
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Claims 5, 11, and 18 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Barbetta [U.S. 6762587] and Yoshino et al. [U.S. 4937521] as applied to the above 
claims, in view of Chen [U.S. 5371455], and further in view of Thiele [U.S. 3500372]. 

With respect to Claims 5, 11, and 18 , the combination of Barbetta and Yoshino 
teaches a fuel cell with a multiplexer which monitors each of the fuel cells of a fuel 
stack for voltage; through the use of a GMR sensor [see Claim 1 above]. The 
combination of Barbetta and Yoshino does not teach a polarity reverser between the 
fuel cell and the voltage monitor. 

Chen teaches an automatic polarity reverser [Fig. 1, col. 1 lines 50-68 and col. 2 
lines 1-2], said polarity reverser reversing the polarity of the current from the cells 
before the current is applied to the conductor so that the current through the conductor 
is always in the same direction. 

Thiele teaches that electrochemical/fuel cells are known to experience damaging 
polarity reversals during internal functional faults [Col. 1 lines 12-39]. 

Barbetta, Yoshino, Chen, and Thiele are analogous voltage/current monitoring 
devices. 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention to add an automatic polarity reversal mechanism as taught by Chen, to the 
combination of Barbetta and Yoshino for the benefit of preventing potentially damaging 
fuel cell polarity reversals [as motivated by Thiele, col. 1 lines 30-39; and Chen, col. 1 
lines 27-33] from damaging the system, such as the polarity dependent differencing 
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amplifier of the GMR sensor [Yoshino, Fig. 12, 41- positive and negative inputs must 
be supplied as shown or damage can potentially occur. The current flow arrow I shown 
in figs. 11-13 indicate that current flow must occur in one direction only]. 

Response to Arguments 

Applicant's arguments with respect to claim 5, 8, and 11 have been considered 
but are moot in view of the new ground(s) of rejection. Applicant's arguments with 
respect to claims 1 , 10, and 14 [i.e. the combination of Barbetta and Yoshino] are 
unpersuasive- see action above and past response to Arguments. 

Conclusion 

To avoid abandonment of the application, appellant must exercise one of the 
following two options: 

(1 ) file a reply under 37 CFR 1 . 1 1 1 (if this Office action is non-final) or a reply under 37 
CFR 1.113 (if this Office action is final); or, 

(2) initiate a new appeal by filing a notice of appeal under 37 CFR 41.31 followed by an 
appeal brief under 37 CFR 41 .37. The previously paid notice of appeal fee and appeal 
brief fee can be applied to the new appeal. If, however, the appeal fees set forth in 37 
CFR 41.20 have been increased since they were previously paid, then appellant must 
pay the difference between the increased fees and the amount previously paid. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Richard V. Muralidar whose telephone number is 571- 
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272-8933. The examiner can normally be reached on 9:00-5:30. If attempts to reach 
the examiner by telephone are unsuccessful, the examiner's supervisor, Karl D. 
Easthom can be reached on 571-272-1989. The fax phone number for the organization 
where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

A Supervisory Patent Examiner (SPE) has approved of reopening prosecution by 

signing below. 

/Richard V. Muralidar/ 
Examiner, AU 2838 



8/3/2007 




